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THE FRASNIAN-FAMENNIAN 
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MASS KILLING EVENTW, METHODS OF 
H.H.J. Geldsetzer ,  Geological Survey of 

Canada,  3303-33 Street N.W., Calgary,  Alberta,  Canada. 

The absence of an abnormally high number of ear l ier  Devonian t a x a  f rom 
Famennian sediments  has  been  repeatedly documented and can  hardly b e  questioned. 
Was th is  disappearance caused by one  o r  several  mass  killing events  and,  if so, was t h e  
u l t ima te  cause  of te r res t r ia l  o r  ex t ra te r res t r ia l  origin? 

Primary recognition of t h e  event(s) was  based on paleontological da t a ,  especial ly  
common macrofossils. Most paleon tologists place t h e  disappearance of these  common 
fo rms  at t h e  gigas/triangularis c o n t a c t  and this  boundary has  recent ly  been proposed as 
t h e  Frasnian-Famennian (F-F) boundary. Not unexpectedly,  a l t e rna te  F-F positions 
have  been suggested caused by temporary Frasnian survivors o r  sudden post-event 
radiat ions of new forms. 

Secondary supporting evidence for  mass  killing event(s) is supplied by t r a c e  
e l emen t  and s tab le  isotope geochemistry’  bu t  not  with t h e  same  success  as fo r  t h e  K/T 
boundary, probably due to additional 300 m a  of t ec ton ic  and diagenet ic  overprinting. 
Another too l  is microfacies  analysis which is surprisingly rarely used even  though it c a n  
explain geochemical  anomalies  o r  paleontological overlap not  de t ec t ab le  by 
conventiona I macro  fac ies analysis. 

The  combination of microfacies  analysis and geochemistry was applied at two  F-F 
sect ions in western Canada and showed how interdependent  t h e  two methods a re .  The 
boundary was examined in two d i f fe ren t  se t t ings  - on a carbonate  shelf (Northwest  
Terri tories) and in a basin ad jacent  to reef-r immed ca rbona te  p la t forms  (Alberta). 
Regional and local  s t ra t igraphic  relationships had suggested subaerial  exposure of t h e  
shelf and  continuous deposition in t h e  basin at a water dep th  of  about  150 m at t h e  t i m e  
of t h e  F-F event .  

On t h e  shelf t h e  F-F c o n t a c t  zone is marked by an  abrupt  facies change  f rom 
stromatoporoid-dominated ca rbona te  below in to  quar tzose  sandstone above. The 
carbonate  su r face  is (a) c u t  by  up to 6 0 c m  deep  fissures filled with a wackestone 
containing abundant sponge spicules and  a lga l  f ragments  and  (b) topped by a 4 to 5 c m  
thick micro-karst infilled with sandstone and argil laceous material .  The  overlying 
sandstone contains  f ragments  of t h e  spicule-bearing wackestone and Famennian as well 
as reworked Frasnian conodonts. Famennian conodonts a lso occur  in t h e  fissure fill 
indicating t h a t  t h e  mass killing even t  p o s t d a t e s  t h e  stromatoporoid-bearing ca rbona te  
and p reda te s  t h e  fissure fill. Anomalously high trace e l emen t  values  f rom t h e  micro- 
ka r s t  fill ce r ta in ly  pos tda te  t h e  F-F even t  and  probably represent  a condensed lag 
deposit. Without microfacies  analysis c o d c c u r r e n c e  of Frasnian and Famennian 
conodonts  could have  been  postulated and t h e  t r a c e  e l emen t  anomaly in te rpre ted  as a 
sudden deposit ional event .  

In t h e  basin t h e  F-F c o n t a c t  coincides  with a n  abrupt  facies change  f r o m  
bioturbated oxygenated s i l t s tone  below into laminated euxinic shaly lime-mudstone 
above. Along t h e  c o n t a c t  occurs  a 0 to 5 c m  thick s i l ts tone with 25 per c e n t  framboidal 
pyr i te  dis t r ibuted along gent ly  inclined forese ts  suggesting syndeposition of s i l t  and  
pyrite. No t r a c e  e l emen t  anomaly o r  shocked quar tz  was detected.  However, t h e  
framboidal pyr i te  yielded a strong sulphur isotope peak of 6 S 3  = +20.8°/,, indicating a 
sudden influx of anoxic  wa te r  which may be re la ted  to a n  oceanic  turnover  event.  

Additional F-F sec t ions  f rom western Canada, western United States ,  France,  
Germany and Australia have  been sampled o r  re-sampled and  awa i t  
geoc he  mical/m ic ro facies evaluation. 

The only parameter  common to all sec t ions  is a d is t inc t  faunal change, a n  obvious 
mass killing even t  in shallow marine environments,  bu t  very subt le  in basinal sett ings.  
Several  F-F boundary local i t ies  with a paleo-slope se t t ing  a r e  charac te r ized  by one o r  a 
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ser ies  of cyanobacterial  beds. The preservation of these beds in open-marine 
environments suggests temporary elimination of grazing organisms due to brief anoxic 
conditions. Such a hostile environment did not prevent t h e  growth of cyanobacteria 
which may have been chemosynthetic forms. Trace e lement  anomalies a r e  normally 
absent in basinal o r  slope set t ings unless concentrated by such cyanobacteria. Shocked 
quar tz  has  not  been de tec ted  so far. Spectacular soft-sediment deformation and 
breccias a r e  associated with t h e  F-F boundary in Nevada and Utah and could have been 
caused by t idal  waves o r  earthquakes. 

Glaciations and 
volcanism a r e  o f t e n  quoted as triggering mechanisms. The Late Devonian was n o t  a 
t i m e  of global cooling and glacial act ivi ty  which could have caused a n  oceanic turnover 
event '  nor is there  a record of any large scale volcanic event. There is, however, 
evidence of at least  t w o  fairly large impact  c r a t e r s  (Siljan, Sweden: 52 km cra te r ,  
368 f 1 ma; Charlevoix, Canada: 46 km cra te r ,  360 k 25 ma) both of which a r e  in 
continental  c rus ta l  mater ia l3 .  I t  is likely t h a t  one o r  more oceanic impacts occurred at 
about t h e  same t i m e  t h e  evidence of which has  unfortunately, long been subducted. 

Even though only limited, these da ta  suggest multiple impacts  by a meteori te  
shower. Could these impacts  cause oceanic overturns on a global scale? As a result of 
prolonged warm cl imat ic  conditions during t h e  Late  Devonian, oceanic basins had 
probably become strat i f ied and anoxic levels may have reached relatively shallow 
depths  such as t h e  outer  margins of continental  shelves. Strong tectonic  movements 
along rising orogenic be l t s  probably caused gradual flooding of shelf areas with this 
'shallow' anoxic water  mass on a regional o r  even cratonic scale. Numerous black shales 
of late Givetian, Frasnian and Famennian age probably document such flooding events. 
These anoxic sediments  a r e  not associated with mass killing events; t h e  process was 
gradual and allowed ample t i m e  for the  shelf biota to r e t r e a t  to unaffected areas. 
However, conditions during the  Late Devonian were such t h a t  catastrophic events  such 
as a meteori te  shower could provide t h e  necessary energy to trigger oceanic overturns 
and flooding of shelves and epicontinental  seas on a global scale. 

What was t h e  ul t imate  cause of t h e  mass killing event($ ? 
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